Assemblages of archaeological insect (mainly Coleoptera) remains from in and around Anglo-Scandinavian buildings at 16-22 Coppergate, York, were investigated in order to identify associations between pairs and groups of species, and to determine the significance of those associations as indicators of past human activity and living conditions. Following initial exploration, a pairwise measure of association was used to establish working groups of co-occurring species, which were then related to their likely habitats. Detrended canonical correspondence analysis (DCCA) was used to test the groups. Robust and consistent species associations were identified among the death assemblages. The groups defined by the analyses usually corresponded to the ecological preferences of species, although some groups of species would not be found together at the present day. Some groups probably represented complexes of habitats that occurred together in the past, and not single communities, and some may be peculiar to Coppergate and similar sites. It is suggested that the species associations are of value in assemblage interpretation, and that variations in associations among sites will reflect archaeologically significant aspects of the sites.
Introduction

I
nsect fossils from archaeological occupation sites contribute to a vivid picture of past human activity and living conditions (e.g. Osborne, 1971; Coope, 1981; Osborne, 1981; Hall & Kenward, 1990; Buckland et al., 1994; Kenward & Hall, 1995; Buckland et al., 1996; Smith, Osborne & Barrett, 1997) , as well as providing opportunities for investigation of wider archaeological and biogeographical issues (e.g. Buckland, 1988; Buckland & Sadler, 1989; Kenward, 1997; Dobney et al., 1998) . They also provide an invaluable, but barely exploited, resource for more purely ecological research, for example in determining how insect communities have adapted to human modification of the environment through time, and in studies of the effects of the introduction of new species.
Remains of insects are preserved in large numbers in some kinds of archaeological occupation deposits, typically where there is anoxic waterlogging. The study reported here is primarily concerned with the interpretation of death assemblages of beetles (Coleoptera) from deposits formed in ancient urban environments. Interpretation of such assemblages is based on groups of species considered to represent past communities (e.g. Kenward, 1978; Kenward & Hall, 1995) . Unfortunately, modern communities cannot be used as direct parallels for those that existed in the past, firstly because some species that are now rare were formerly abundant in intensively-occupied areas, and secondly because various species that might not be expected to be urban insects (for example some waterside beetles) clearly once flourished in towns, and indeed inside buildings (e.g. Kenward & Allison, 1994; Kenward & Hall, 1995) . Thus, in order to understand the archaeological implications of ancient insect assemblages, it is necessary to attempt to define the communities that existed in the past.
This paper reports an investigation of species associations in urban archaeological assemblages, aiming to develop a better understanding of past insect communities and the way they exploited the new habitats created by human activity, and thus to establish their significance in archaeological reconstructions. Such reconstructions demand determination of habitat characteristics at a finer level than is generally recorded by entomologists studying modern insects, or is commonly recorded in the literature. It is desirable, for example, to differentiate communities from dry as opposed to damp floor litter, from fresh rather than *E-mail: biol6@york.ac.uk rotting stable manure, and from waterlogged rather than well-drained human faeces in pits. These alternatives have very different implications concerning the conditions created and endured by the human occupants of a site.
Several thousand insect death assemblages from urban archaeological deposits of Roman to early modern date from numerous sites in the British Isles have now been examined in the Environmental Archaeology Unit (EAU), University of York, and strong impressions of recurrent groups of species have been formed. Some of the more distinctive subjective groupings have been defined tentatively and used, with due caution, in interpretation (e.g. Hall & Kenward, 1990; Kenward & Hall, 1995 , 1997 . In order to test and objectify such groups, records of selected beetles (Coleoptera) from in and around Anglo-Scandinavian (8th-11th century, so-called Viking Age) structures at Coppergate, York, northern England, have been analysed. This is much the largest available data set from any one excavation, relating to a very intensively studied site. In addition to Coleoptera, some archaeologically significant bugs, fleas, lice, parasitic flies, and cladocerans have been included.
There is little earlier work relevant to the present study. An early analysis of species associations in archaeological assemblages from several sites in York was reported by Kenward (1982;  see also Hall et al., 1983) . Other statistical work on archaeological insects has mostly concentrated on classifying sample assemblages (e.g. Strudwick, 1979; Perry, 1981; Perry, Buckland & Snaesdottir, 1985) , rather than elucidating relationships between their component species. Discriminant function analysis was used by Hill (1993) , and correspondence analysis by Cong & Ashworth (1997) . Studies of archaeological land snails have much in common with those of insects and there has been some use of multivariate techniques to study their past species associations (e.g. Evans & Williams, 1991; Rouse & Evans, 1994; Davies, Gale & Lees, 1996; Smith, 1996) . Some classificatory work carried out on modern insect communities is directly relevant to palaeoecological reconstruction (e.g. Foster & Eyre, 1992; Sadler & Dugmore, 1995) . Apart from those of dung (and to a limited extent those of buried bodies), however, communities in decomposing matter, which are the best represented in most archaeological occupation deposits, appear to have been neglected in ecological research.
Methods
Over 750 samples of sediment were collected from the site at Coppergate for analysis of the smaller biological remains, including insects. The insect assemblages considered here came from samples from a wide range of deposit types, including the floors of timber and wattle buildings, pit fills, accumulations on external surfaces, and ditch fills, and from a series of six time periods from c.  850-1066. The implications of the plant and invertebrate remains are considered by Kenward & Hall (1995) , who also give a brief introduction to the site and the sampled deposits.
Insect remains were extracted from samples of the deposits by sieving to 0·3 mm, followed by paraffin flotation (methods described by Kenward et al., 1980 Kenward et al., , 1986 , and 543 assemblages from deposits with good context information were listed, of which 469 included at least 20 adult Coleoptera (beetles) and Hemiptera (bugs, although Aphidoidea and Coccoidea were excluded), and 159 included at least 100 adults of these groups.
It was neither feasible nor desirable to include all taxa in the analyses, since many were recorded only a few times or identified only to a high taxonomic level. Taxa were included if they occurred frequently, were occasionally very abundant, were suspected to be associated with interpretatively important taxa or groups of taxa, or because their ecological significance was particularly poorly understood. In total, 96 taxa were included (Appendix 1). Unless otherwise stated, SPSS for Windows version 7.0 was employed for the analyses (Norusis, 1993a,b) .
Statistical analysis was carried out in stages: (1) Initial exploration; (2) pairs of significantly cooccurrent taxa were identified and built into groups; (3) these groups were related to likely past environments on the basis of species' ecology; (4) the groups were tested using DCCA (CANOCO software, ter Brak, 1987) ; and (5) the correspondence between the abundance of the groups in sample assemblages and the series of clearly defined archaeological deposit types (floors, pit fills, etc.) from which they originated was examined in order to test whether the groups are likely to be related to depositional conditions. Initial exploration of relationships between the occurrence of species was carried out using various methods, including cluster analysis. Percentages and binary presence/absence values, as well as count data, were each explored as absolute numbers and concentrations varied very greatly. The number of taxa in the assemblages was large enough to render percentages as effectively independent variables; this was tested by re-running analyses using percentages recalculated after removing some taxa which occasionally occurred in very large numbers. For the main (pairwise) analysis, in which groupings were defined, Spearman's rankorder correlation was employed, using, for each taxon in each sample, the value obtained by subtracting half the site mean for that taxon, in an attempt to take account of the presence of randomly-occurring background fauna (as defined by Kenward, 1975 Kenward, , 1976 . Use of a non-parametric test such as Spearman's was essential since the data were neither normally distributed, nor amenable to normalization.
To represent the relationships of the numerous taxa in a simple way, diagrams (constellation diagrams, Figure 1a -g) were drawn by hand, based on significant (P<0·01) values of Spearman's rank-order correlation between the occurrences of pairs of species (calculated as above).
In order to construct working groups of taxa for further analysis, taxa were tabulated together with all their significant (P<0·01) linkages. Groups of taxa were then defined by an iterative process designed to force significantly linked taxa together in an optimal way, as follows:
(a) Groups of taxa with several significant internal linkages but few external ones were defined. (b) For each taxon in these initial groups, internal linkages, and those to other groups or unplaced taxa were listed. (c) Each unplaced taxon was allocated to the group to which it had the most significant linkages. At this stage, some taxa were assigned to two or more groups to which they had several linkages (''shared'' taxa). (d) Taxa were assigned ''group values'' according to the number of linkages to each of the developing groups. Links to taxa with links to only one group took a value of 1, while links to shared taxa took 0·5 (linked to two groups) or 0·33 (linked to three groups). (e) The groups were re-tabulated, and group values calculated for each taxon. (f) Groups were re-worked so that they included all taxa with an internal linkage value of 2 or more (this might be two internal linkages, or the sum of more shared linkages). Taxa with one or two linkages to a group, but no external ones other than to unplaced (U) or ''outdoor'' (O) taxa (see below), were included in that group. Taxa with a total of two or more links to each of two or three groups were designated ''shared'' between the groups, while those linked at this level to only one group constituted its ''core''. (g) Group values were re-calculated, and the groups adjusted according to the new values. This process was repeated from (b) until as many taxa as possible were assigned to a core group (or shared groups) with a sum of linkage values of at least two; after a certain point groups began to dissociate. Once the groups had been defined in this way, the linkage values by group were tabulated for all the taxa. From this, the proportions of linkages of each taxon to each group were calculated.
To test the validity of these groups of species, the percentage data were examined using multidimensional scaling (SPSS), and detrended correspondence analysis (using the CANOCO package).
In order to investigate the potential value of the groupings in interpretation, especially of small assemblages, the proportion of each group in each of the sample assemblages was calculated, on the basis of (a) the sum of [number of individuals times group score] for the recorded taxa and (b) the numbers of individuals in each core group. The mean proportions for the groups in the combined lists were then determined, to provide a basis for calculation of expected values, and samples with significant positive deviations (P<0·01) of group representation from that expected were identified using the chi-square test. To determine whether the significant excesses of particular groups were related to the depositional environment, these results were tested against the deposit type (floor, pit fill, etc.) of the layer from which each sample was taken. Samples from deposits with poor archaeological data, and very small assemblages (<20 individuals), were excluded from these analyses.
Results
Pairwise analysis produced useful patterns of association. The manually-constructed constellation diagrams based on Spearman's rank-order correlation between pairs of species revealed a series of groups with numerous internal linkages at P<0·01, but with rather few linkages to other groups. Analysis using percentages calculated after removal of taxa showing extreme peaks of abundance were, for all practical purposes, identical to those using the full data set.
The iterative process using group values by taxon produced some well-defined groups, and others which were less clear (Table 1) . At the point where the arrangement presented in Table 1 was reached, there was only a single taxon which fell in the core of a group and had a score of two in a second group, providing that links of ''outdoor'' taxa to Group A were disregarded. This was regarded as an acceptable end point since further iteration lead to disruption of the classification. There was no clear internally-linked group of ''outdoor'' taxa (mainly plant-feeders and ground beetles), although several such taxa, and especially weevils of the genus Sitona, were linked to Group A (''house fauna'', see below and Table 1 ). These taxa (''group O'') were arbitrarily excluded from further analysis, the relationship being suspected to arise from their mixing with ''house'' taxa in death assemblages by a variety of means (see below). A number of taxa could not be placed in any group (''U''), and were rejected from further consideration. The numbers and proportions of linkages by taxon and group are given in Tables 1 and 2 .
Cluster analysis and multidimensional scaling produced output that reflected the groups identified by pairwise analysis reasonably well, although cluster analysis tended to split groups, presumably because taxa had numerous weak linkages outside their group. Detrended canonical correspondence analysis also gave good separation of the groups, the results being clearer when the option to downweight rare taxa was selected (Figure 2 ).
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The groups (Table 1) The groups defined by the rather circuitous method applied here are not discrete. This is reflected by the inclusion of shared taxa, but some taxa assigned to a core group undoubtedly sometimes (or even often) co-existed with taxa in other core groups. Such overlaps are to be expected in any attempt to classify species into communities, since habitats form a continuum, as do the overlapping habitat requirements of species. Nevertheless, some of the ''core'' groups are very well defined.
Group A, with 25 core and eight shared taxa, corresponds closely to the subjective house fauna group, first defined by Hall & Kenward (1990; see also Kenward & Hall, 1995: 662) . It includes: (1) species typically associated with rather dry plant debris such as hay, straw, and drier parts of compost heaps; (2) wood borers (Anobium punctatum, Lyctus linearis and Phymatodes alni); (3) the human flea (Pulex irritans) and louse (Pediculus humanus), and (4) species now usually associated with stored products, but that doubtless formerly lived in floor debris (Blaps spp., Laemostenus terricola, and Tenebrio obscurus). In addition, the sheep louse (Damalinia ovis) and ked (Melophagus ovinus), probably introduced by wool cleaning, fall in the group. Trox scaber, now usually found in birds' nests and dry animal remains but rather common in archaeological house floors, also has weak affinities with Group A. These species undoubtedly exploited a range of habitats within buildings and the term house fauna (Kenward & Hall, 1995) is clearly apposite. A further species with affinities here is the bark beetle Leperisinus varius, which probably originated in firewood or structural timbers, explaining its association with species normally encountered inside buildings. Corticaria spp. have several links into group A, but this compound taxon also has links to Group E. This reflects the broad habitat range (eurytopy) of the genus, with various species found in fouler material as well as drier litter, and emphasizes the need to attempt closer identification of fossils in some difficult groups. Shared taxa in Group A overlap with Groups C (3), E (3) and F (2).
Group B (15 core and five shared taxa) is ecologically well-defined. Most of the taxa falling in it would be found together at the present day in foul decaying matter that is rather open-textured and has an ammoniacal smell. They are regarded as the typical decomposer elements in archaeological stable manure deposits (Hall & Kenward, 1990; Kenward & Hall, 1997) . Carpelimus bilineatus, C. fuliginosus and Neobisnius sp. are nowadays more characteristic of waterside litter, but have been recorded from artificial accumulations of decaying matter and without doubt were abundant on occupation sites in the past, both indoors and out. The various Cladocera (mainly Daphnia sp.) almost certainly fall here because they were imported in water which found its way into the deposits, perhaps via animal faeces, or dumped dyebath or other foul waste. Rhizophagus parallelocollis was probably a postdepositional invader of voids in buried rotting matter, and arguably should be excluded from the group. Shared taxa included in Group B are eurytopic decomposers, with a leaning to foul matter; overlaps are with Groups C (4) and D (2).
Group C has eight core and nine shared taxa and includes some tolerant of foul conditions, for example Anotylus complanatus, Aphodius spp. and Gyrohypnus sp. Stenus sp. fall here, probably because a large proportion were S. crassus, a species particularly found in decaying matter. Platystethus cornutus group (probably all or most were P. degener) and P. nitens are today typically found in waterside situations or moist ground, but undoubtedly exploited habitats on occupation sites in the past; they may have lived in organicrich ''mud'', for example in infilling gullies and moist cesspit edges. Of the shared taxa, only Phymatodes alni is not found in fairly to very foul decaying matter; it is a wood borer whose association with three Group C taxa may have come about through its exploitation of wattle edging pits and drains.
Group D is rather poorly defined, with only two ''core'' taxa: two Cercyon species typical of very foul matter, both having affinities with Group B. The four shared taxa (overlapping with Groups B, C and E) are tolerant of extremely foul conditions, and probably all rapid invaders.
Group E is ecologically diverse, but it is not hard to see how the strong association of the various taxa arose since this group tends to occur in cesspits (see below). The taxa fall into several groups: (a) those tolerant of very foul conditions (Anotylus tetracarinatus, and two shared taxa: Cercyon haemorrhoidalis and Omalium rivulare); (b) Bruchus sp., all or most probably being the bean weevil B. rufimanus, likely to have been voided in faeces after being ingested with infested pulses; (c) the longhorn beetle Gracilia minuta, which perhaps lived in wattle screens round latrines; (d) the nettle feeders Heterogaster urticae and Cidnorhinus quadrimaculatus, which may have flitted from plants growing around the pits; (e) species which probably lived amongst litter on open surfaces and which Taxon  Group  A  B  C  D  E  F  O  S  U   ACOMP  C  0·11  0·04  0·82  0·04  0·00  0·00  0·00  0·00  0·00  ACRO  B  0·00  0·73  0·13  0·13  0·00  0·00  0·00  0·00  0·00  AGLEN  A  0·86  0·00  0·00  0·00  0·00  0·07  0·07  0·00  0·00  AGRAN  F  0·25  0·00  0·00  0·00  0·00  0·75  0·00  0·00  0·00  ALEOCHX  A  0·76  0·00  0·03  0·00  0·00  0·05  0·16  0·00  0·00  ANIG  A  1·00  0·00  0·00  0·00  0·00  0·00  0·00  0·00  0·00  ANIT  C  0·00  0·14  0·75  0·07  0·04  0·00  0·00  0·00  0·00  ANTHIC B 0·00 1·00 0·00 0·00 0·00 0·00 0·00 0·00 0·00 APHOD C 0·00 0·00 0·47 0·07 0·07 0·00 0·00 0·00 0·40 APION U 0·00 0·00 0·00 0·00 0·00 0·00 0·00 0·00 0·00 APROD F 0·14 0·00 0·00 0·14 0·21 0·36 0·14 0·00 0·00 APUNCT A 0·78 0·00 0·11 0·00 0·00 0·00 0·00 0·00 0·11 ARUG BC 0·00 0·33 0·47 0·07 0·03 0·00 0·00 0·10 0·00 ATETRA E 0·05 0·00 0·06 0·06 0·56 0·09 0·00 0·09 0·09 ATOM A 0·80 0·00 0·00 0·00 0·20 0·00 0·00 0·00 0·00 ATOMNIG  A  0·63  0·05  0·03  0·00  0·08  0·08  0·10  0·05  0·00  BLAPS  A  0·76  0·00  0·00  0·00  0·00  0·06  0·18  0·00  0·00  BRACHYPT  U  0·50  0·00  0·00  0·00  0·50  0·00  0·00  0·00  0·00  BRUCHUS  E  0·00  0·00  0·00  0·00  1·00  0·00  0·00  0·00  0·00  CANAL  BCD  0·00  0·46  0·23  0·23  0·09  0·00  0·00  0·00  0·00  CATOPS  A  0·56  0·00  0·13  0·00  0·19  0·00  0·13  0·00  0·00  CATRIC  B  0·00  1·00  0·00  0·00  0·00  0·00  0·00  0·00  0·00  CBIL  B  0·00  0·85  0·00  0·00  0·00  0·00  0·00  0·15  0·00  CCONT  O  1·00  0·00  0·00  0·00  0·00  0·00  0·00  0·00  0·00  CFOSSOR  O  0·67  0·00  0·00  0·00  0·00  0·00  0·33  0·00  0·00  CFULIG  B  0·00  0·94  0·06  0·00  0·00  0·00  0·00  0·00  0·00  CHAEM  CDE  0·00  0·11  0·41  0·18  0·21  0·00  0·00  0·00  0·09  CHAETCON  O  0·70  0·00  0·10  0·00  0·00  0·00  0·20  0·00  0·00  CIDQUAD  E  0·25  0·00  0·00  0·00  0·75  0·00  0·00  0·00  0·00  CLADO  B  0·38  0·63  0·00  0·00  0·00  0·00  0·00  0·00  0·00  CLAMBUS  AE  0·25  0·00  0.00  0·00  0·38  0·13  0·00  0·25  0·00  CMIN  U  0·00  0·00  0·00  0·00  0·00  0·00  0·00  0·00  0·00  COBS  AC  0·50  0·00  0·50  0·00  0·00  0·00  0·00  0·00  0·00  CORT  AE  0·41  0·00  0·00  0·16  0·31  0·00  0·00  0·00  0·12  CPUSGP  BC  0·00  0·67  0·33  0·00  0·00  0·00  0·00  0·00  0·00  CRYPTO  A  0·91  0·00  0·00  0·00  0·06  0·03  0·00  0·00  0·00  CSCUT  A  0·78  0·00  0·06  0·00  0·08  0·03  0·06  0·00  0·00  CSTRIAT  S  0·10  0·20  0·10  0·00  0·30  0·00  0·00  0·30  0·00  CTERM  D  0·08  0·11  0·22  0·39  0·19  0·00  0·00  0·00  0·00  CUNIP  D  0·00  0·11  0·11  0·44  0·00  0·33  0·00  0·00  0·00  DAMOV  AF  0·73  0·00  0·00  0·00  0·00  0·27  0·00  0·00  0·00  EGLOB  A  0·60  0·00  0·00  0·00  0·10  0·00  0·20  0·00  0·10  ENIC  A  0·58  0·00  0·00  0·00  0·08  0·00  0·17  0·17  0·00  EUPLECT  B  0·17  0·67  0·00  0·00  0·17  0·00  0·00  0·00  0·00  FAL  B  0·00  0·61  0·28  0·11  0·00  0·00  0·00  0·00  0·00  GEOTRUP  F  0·38  0·00  0·00  0·00  0·13  0·38  0·00  0·00  0·13  GRACMIN  E  0·00  0·00  0·00  0·00  1·00  0·00  0·00  0·00  0·00  GYRO  C  0·00  0·11  0·75  0·10  0·03  0·00  0·00  0·00  0·00  HELOPH  U  0·50  0·00  0·00  0·00  0·00  0·00  0·50  0·00  0·00  HISTER  U  0·23  0·08  0·23  0·15  0·31  0·00  0·00  0·00  0·00  HURT  E  0·25  0·00  0·06  0·06  0·64  0·00  0·00  0·00  0·00  LAEMTERR  A  0·82  0·00  0·00  0·00  0·00  0·09  0·09  0·00  0·00  LCAMP  A  0·50  0·00  0·00  0·00  0·00  0·00  0·50  0·00  0·00  LEPTA  B  0·00  0·87  0·09  0·04  0·00  0·00  0·00  0·00  0·00  LEPVAR  A  0·80  0·00  0·00  0·00  0·00  0·20  0·00  0·00  0·00  LITHOC  B  0·00  1·00  0·00  0·00  0·00  0·00  0·00  0·00  0·00  LMINGP  A  0·78  0·00  0·03  0·00  0·03  0·06  0·11  0·00  0·00  LYCTLIN  A  0·86  0·00  0·07  0·00  0·07  0·00  0·00  0·00  0·00  MELIG  U  1·00  0·00  0·00  0·00  0·00  0·00  0·00  0·00  0·00  MELOV  A  0·72  0·00  0·03  0·00  0·00  0·06  0·19  0·00  0·00  MHIRT  AE  0·52  0·09  0·00  0·00  0·16  0·00  0·09  0·09  0·05  MLONGI  B  0·00  0·50  0·00  0·00  0·00  0·00  0·50  0·00  0·00  MOBS  U  0·00  0·00  0·00  0·00  1·00  0·00  0·00  0·00  0·00  MONOT  A  1·00  0·00  0·00  0·00  0·00  0·00  0·00  0·00  0·00  MPICIPES  B  0·00  1·00  0·00  0·00  0·00  0·00  0·00  0·00  0·00 probably fell into pits accidentally (Patrobus atrorufus, Tachyporus spp.); and (f) eurytopic decomposers which doubtless colonized the drier parts of pit fills (Ptenidium, Clambus, and Corticaria spp.). This group strongly underlines the need to distinguish between ecologically functional communities and archaeologically significant death associations.
AE: MHIRT
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Group F is a small but curious one, with a core consisting of three dung beetles (Aphodius granarius, A. prodromus and Geotrupes spp.), and with two taxa shared with Group A: the human flea (Pulex irritans) and the sheep louse (Damalinia ovis). Suspected at first to be an artefact of the analysis, this group is now believed to have arisen through the association of these species with wool cleanings: the sheep lice entered with the waste and, it is suggested, the dung beetles were attracted to ''dags'' (dung matted into wool), while the larvae of the human flea developed in the nutrient-rich but open-textured mixture of wool, skin and blood fragments, and dung. A final, but weakly defined, group may be recognized: one of species believed to have been postdepositional invaders of buried organic matter (Group S). Rhizophagus parallelocollis (assigned to Group B), Trechus micros and Coprophilus striatulus have various links at P<0·01 (Table 1) . Trichonyx sulcicollis, which repeatedly occurs with these others in the assemblages and has previously been placed in a ''subterranean'' group with them (Kenward & Allison, 1994: 65-6 ), shows no linkage at this level, although it correlates with T. micros at P<0·05. T. sulcicollis was one of the rarer taxa in the analyses, and the failure of a robust statistic such as Spearman's to identify strong correlations with other burrowers does not mean that the group should be completely disregarded.
The subjective recognition of an oxyteline association group frequently found in pits (Kenward & Hall, 1995) is only rather weakly supported by these analyses. Its components fall in Groups B (Carpelimus bilineatus, C. pusillus group and Neobisnius sp.), BC (Anotylus rugosus), C (A. complanatus and A. nitidulus) and CDE (Omalium rivulare). The association may be split up because all of the species placed in it were frequent components of communities in a variety of habitats.
Seven of the ''outdoor'' taxa (in addition to the three dung beetles placed in Group F) have links with Group A. It is possible that some of them entered houses regularly: in particular, Sitona sp., with links to 10 taxa in Group A, may have been brought with pulses or with Genista tinctoria., a dyeplant abundant at the site. Clivina fossor, Pterostichus melanarius, Trechus quadristriatus, and T. obtusus all perhaps lived at least temporarily as predators in house floors. Ochthebius Table 2 . Continued, using numbers of links (Table 1)   Taxon  Group  A  B  C  D  E  F  O  S  U   NEOB  B  0·00  0·67  0·17  0·00  0·00  0·00  0·00  0·17  0·00  OCHTHEB  O  0·40  0·20  0·20  0·00  0·00  0·00  0·20  0·00  0·00  OMALCI  AC  0·64  0·00  0·29  0·00  0·07  0·00  0·00  0·00  0·00  OMOSITA  A  0·75  0·00  0·13  0·00  0·13  0·00  0·00  0·00  0·00  ORIV  CDE  0·15  0·07  0·20  0·20  0·38  0·00  0·00  0·00  0·00  OSCULPT  B  0·00  0·81  0·09  0·09  0·00  0·00  0·00  0·00  0·00  OSYLV  C  0·25  0·00  0·50  0·00  0·00  0·00  0·25  0·00  0·00  PAREN  BCD  0·00  0·30  0·35  0·23  0·05  0·00  0·00  0·00  0·08  PATRO  E  0·50  0·00  0·00  0·00  0·50  0·00  0·00  0·00  0·00  PCORNGP  C  0·11  0·09  0·65  0·04  0·00  0·00  0·11  0·00  0·00  PEDHUM  A  0·67  0·00  0·00  0·00  0·00  0·17  0·17  0·00  0·00  PHYLLFLOR  E  0·06  0·00  0·00  0·00  0·81  0·00  0·00  0·00  0·13  PHYMALNI  AC  0·38  0·00  0·38  0·00  0·00  0·00  0·25  0·00  0·00  PMEL  O  0·64  0·00  0·00  0·00  0·00  0·00  0·18  0·00  0·18  PNEMGP  U  0·00  0·00  0·33  0·00  0·00  0·33  0·33  0·00  0·00  PNIT  C  0·29  0·07  0·64  0·00  0·00  0·00  0·00  0·00  0·00  PTEN  E  0·07  0·00  0·05  0·05  0·68  0·00  0·00  0·00  0·15  PTINUS  A  0·50  0·00  0·33  0·08  0·08  0·00  0·00  0·00  0·00  PULEX  AF  0·79  0·00  0·00  0·00  0·00  0·15  0·06  0·00  0·00  RPARALL  BS  0·00  0·50  0·10  0·00  0·00  0·00  0·00  0·40  0·00  SITONA  O  0·75  0·00  0·04  0·00  0·00  0·04  0·17  0·00  0·00  STENUS  C  0·07  0·00  0·83  0·05  0·05  0·00  0·00  0·00  0·00  TACHIN  U  0·00  0·00  0·00  0·00  0·33  0·33  0·33  0·00  0·00  TACHY  E  0·29  0·00  0·00  0·00  0·57  0·14  0·00  0·00  0·00  TMICROS  S  0·55  0·09  0·00  0·00  0·18  0·00  0·00  0·18  0·00  TOBS  A  0·82  0·00  0·00  0·00  0·00  0·00  0·18  0·00  0·00  TQORO  O  0·69  0·00  0·00  0·00  0·06  0·00  0·13  0·00  0·13  TSCAB  U  0·50  0·00  0·50  0·00  0·00  0·00  0·00  0·00  0·00  TSTERC  A  0·63  0·00  0·00  0·00  0·19  0·19  0·00  0·00  0·00  TSULC  S  0·50  0·00  0·00  0·00  0·50  0·00  0·00  0·00  0·00  XCONC  A  0·78  0·00  0·03  0·00  0·00  0·05  0·10  0·00  0·05 spp. (mainly O. minimus) may have been carried indoors with water. Most of the remaining unassigned taxa lie close to the centre of the plots produced by DCCA and by multidimensional scaling and are eurytopic decomposers or associated with outdoor habitats. They mainly have very weak associations with other taxa, one plausible explanation being that they entered a wide range of deposits as background fauna. Most seem likely to have originated within a few metres, however, and to be part of the fauna of the site.
Much more could be written about these results, and those obtained by variations on the analytical method; it is, however, our intention here only to establish principles and basic groupings.
Do the groups relate to deposit type?
The groups A-F show a clear correlation with deposit type, whether numbers of individuals in the core groups or proportion of links to all groups are used (data for the latter are presented in Table 3 ). Of 81 assemblages with more than 19 individuals showing a significant (P<0·01) excess of group A-house fauna-for example, 48 were from deposits identified stratigraphically as floors, nine were fills of shallow cuts inside buildings, and five were from alleyways running along house walls, where strays and sweepings from within houses are likely to have accumulated. The ''internal'' deposits contributed 66 cases of an excess of Group A (81% of all cases with an excess of this group). By contrast, ''external'' ones showed only 15 (among 285 external deposits included in the analysis). If group F is excluded (see below), Group A provided 66 of 83 cases of an excess of any group that came from deposits associated with buildings (Table 3) , but was over-represented only in five assemblages from pits. These and the external layers giving assemblages with an excess of Group A probably incorporated floor sweepings, while three ''backfills'' within the outlines of (9) FL (93) IF (27) ST (10) Total int.
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EL (85) GF (22) PF (178) Total ext. Group A is thus repeatedly over-represented in assemblages from in and around buildings and rarely in those from elsewhere: this pattern is seen in small as well as large assemblages (data not presented here). For this group, then, significant deviations in its proportion are useful for developing hypotheses about the conditions under which both large and small assemblages of insects formed.
Significant deviations for the other groups, too, were generally related to context type. Assemblages in which Groups B-E were over-represented were predominantly from external deposits: they contributed 132 of 147 cases where a group was significantly in excess in an external layer or cut fill, but only 17 of 83 cases of an excess from deposits closely associated with buildings, strongly emphasising the contrast between conditions indoors and in the yards.
Groups B-C were quite commonly over-represented in external surface layers, but more often in pitfills. Group B was over-represented in numerous external deposits, both on surfaces and in cuts, the latter including a large proportion of the gulley fills. Group B species have been found in death assemblages argued to have formed in stable manure at numerous other sites (Kenward, 1999; Kenward & Hall, 1997) , but the presence of such material is not suspected at Coppergate, where Group B taxa may have exploited analogues such as dye-bath waste. Group D occurred particularly frequently in pit fills, and C in these and external layers: C is probably indicative of quite, and D of very, foul decaying matter. Excesses of Group E were observed almost exclusively in assemblages from pits (21 of 22 cases); the reasons why this ecologically heterogenous group occurred in pits have been discussed above. Group F showed an excess in 22 cases, mostly from internal deposits, but the data for this group are skewed by the abundance of the shared ''house fauna'' taxa included in it.
These results indicate that the groups defined in the present analyses may be used to deduce the conditions under which death assemblages formed (including small assemblages, something which will be discussed elsewhere). It is worth noting, however, that if this is to be done, comparison should be made within related groups of assemblages from deposits formed where the same range of taxa was available, for example within broad periods at single sites, or across a series of related sites in a town. This is because the fauna of different periods (compare Kenward, 1990 and Hall, 1995 for Roman and AngloScandinavian York), of different towns or parts of individual towns (e.g. Kenward, 1999 for Roman Carlisle; Hall & Kenward, 2000 for AngloScandinavian York), and of large and small settlements (e.g. Kenward, 1997) , shows systematic differences, so that internal comparison is more appropriate than reference to associations established elsewhere.
Discussion
Ecological reconstructions drawn from fossil assemblages are always subject to reservations, particularly because mixed death assemblages rather than single coherent communities are being examined (discussed for archaeological insects by Kenward, 1976 Kenward, , 1978 Kenward, , 1985 . Most archaeological insect assemblages will contain a background component reflecting the relative mobility and abundance of species in the surroundings, sometimes obscuring any fauna that lived where the deposit formed. In addition, death assemblages are the integration through time of a series of communities, representing successions or the result of changes induced by human activity (Kenward & Large, 1998) , while deposits often include components from more than one location (see below). Furthermore, some habitats may have frequently occurred together (e.g. those in litter-strewn floors and thatched roofs).
Thus, strong correlations between species may not imply that they were part of the same community in the past: they may have exploited co-occurrent habitats or have been brought together regularly by human activity such as the importation or dumping of materials. The house fauna group (A) illustrates this particularly well; it probably includes components from roofs, walls, floors, stored materials, and from wool cleaning, as well as the parasites of the occupants. The complex formation of death assemblages in house floors has been modelled by Hall et al. (1983) and Kenward (1985) . Other places, processes, or materials may produce equally characteristic mixed assemblages; Hall & Kenward (1998) suggested pathways by which the complex biota of archaeological stable manure may have come together. Such characteristic mixtures are enormously valuable in archaeological interpretation, and they are exploited in the concept of indicator groups (Kenward & Hall, 1997; Hall & Kenward, 1998) . The Coppergate group E is another ecological compositum mixtum, often brought together in cesspits.
Potentially rather more of a problem than cooccurrent communities are compound taxa and eurytopic species. Some of the former are ecologically diverse, especially Corticaria and Atomaria, each with some species tolerant of both very dry and rather foul conditions. They undoubtedly occurred in more than one of the habitat types represented by the groups defined here, so that they may have been closely associated with other species that themselves were not likely to live together. It is notable that many of the taxa shared between groups are compound or eurytopic. The ability to colonize very small patches of habitat quickly may have enabled some species (e.g. Platystethus arenarius) to live alongside taxa associated with a range of other habitats.
In view of the wide habitat range of many taxa, the identification of reasonably clear groupings in the Coppergate data is very satisfactory, as is their broad correspondence with previously-defined subjective groups. Not surprisingly, the assemblages appear to form a continuum within a range, so the fact that consistent and reasonably discrete associations of taxa can be discerned suggests that the groups are both real and robust, and of considerable importance in interpreting past human living conditions and activity.
It may be noted that the ecological clarity of the results for some of the analyses of the Coppergate data improved markedly when small assemblages (fewer than 100 individuals of Coleoptera and Hemiptera) were excluded. This may have a significant cause. It seems probable that many of the small assemblages were random accumulations of remains with a large background fauna component, generally formed in the open where insect populations were limited, whereas the larger groups reflect breeding communities.
The data for some other sites have been analysed in the same way as those for Coppergate. The results are not considered here, but it may be noted that divergences from the Coppergate results appear to relate to the character of the sites. In addition, species that are of great importance in archaeology but rare or absent at Coppergate (such as the grain pests Cryptolestes ferrugineus, Oryzaephilus surinamensis, Palorus ratzeburgi, and Sitophilus granarius, and the spider beetle Tipnus unicolor) could be drawn into the scheme. A series of Roman urban sites in York and Carlisle gave results that suggested that taxa placed in the Coppergate group A (house fauna) and group B (exploiting open-textured foul mouldering matter) coexisted with the grain pests-almost certainly in stable manure (cf. Kenward & Hall, 1997) . A set of assemblages from a small isolated farmstead (rath) of 7th-8th century date in Northern Ireland again gave indications that some of the Group A taxa coexisted with group B communities, in this case probably inside domestic buildings in plant litter (including beds) with a wide range of moisture contents. Such variations between sites appear to reflect important aspects of the way the human occupants behaved, and thus are likely to prove useful in archaeological reconstruction.
Given that archaeological death assemblages are inherently mixed, obscuring relationships between species, the groups found in the Coppergate data are remarkably clear. Some of the groups will probably not stand up to testing against data from other sites, because they reflect peculiarities of AngloScandinavian York, or even just of 16-22 Coppergate, but the results provide a firm basis for future development. It is considered reasonable to use at least some of the core groups for generating descriptive statistics for sample assemblages, and to classify (and thus interpret) small assemblages more objectively. It would be informative in terms of site interpretation to examine species associations at every site for which enough assemblages have been recorded, in the hope of detecting differences that are significant indicators of subtle differences between sites. Evidence of the effect of the presence or absence of particular taxa on community structure may emerge. Kenward (1997) has postulated that in the past there was a characteristic synanthropic fauna of occupation sites, which did not invade new settlements easily. It was suggested that, in the initial stages of some settlements, artificial habitats were invaded by facultatively synanthropic species from natural habitats, which might subsequently be displaced by more strongly synanthropic forms. This is something open to testing using the methods employed here, providing that sufficient data are available. Similarly, it may be possible to recognize the effects of introduced species on existing communities. Such lines of investigation carry the implication that more and larger assemblages from each archaeological site will need to be recorded than is normal at present under the developer-funded regime.
In short, it appears that there are clear groupings in these death assemblages from an archaeological occupation site, and that these groups are, in essence, reasonably consistent among sites. Inter-site variations in the groups probably reflect archaeologically significant differences in the nature of the sites. Analysis of this kind undoubtedly provides a powerful tool, capable of much future development, for improving the quality of deductions concerning the lives of humans in the past, and for investigating aspects of historical ecology.
